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Objective: The objective of this study was to determine whether constant daily vitamin supple-
mentation would be sufﬁcient to prevent possible vitamin deﬁciencies in obese patients under-
going bariatric surgery.
Methods: The study was conducted on 58 men and women (mean age 41  10 y) who underwent
Roux-en-Y gastric bypass RYGB and were assessed preoperatively and at 3, 6, and 12 mo after
surgery. During the postoperative period, the patients received a multivitamin-mineral supple-
ment on a daily basis.
Results: Serum b-carotene and vitamin C were lower starting from the third postoperative month
and continued to be low after 12 mo, and vitamin A was decreased by the sixth month and
increased by 12 mo. Vitamin B12 levels were stable up to 6 mo but were decreased by 12 mo. Folic
acid levels increased from the third month and remained higher throughout follow-up. One year
after surgery there were 19% and 21% increases in the number of patients with vitamin A and
vitamin C deﬁciency, respectively, and a 4% decreased of patients with folic acid deﬁciency.
Conclusion: Weight loss and improvement in patients’ general condition followed surgery, but
serum levels of some vitamins were decreased despite the use of a vitamin-mineral supplement.
These patients need continuous follow-up and individualized prescription of supplementation
after the surgical procedure to prevent and treat vitamin deﬁciencies.
 2012 Elsevier Inc. Open access under the Elsevier OA license.Introduction
The presence of nutritional deﬁciencies in individuals with
excess weight or obesity may seem paradoxical in view of the
excessive calorie intake, but several studies have documented
that nutrient deﬁciencies may be frequent in adults with excess
weight, especially those with a body mass index (BMI) higher
than 40 kg/m2 [1].
The BMI is an easily obtainable and relatively reliable indi-
cator of overweight and obesity in adults. Obesity is deﬁned as
a BMI equal to or greater than 30 kg/m2, and it is further clas-
siﬁed according to the severity and risk for associated diseases:
a BMI from 30 to 34.9 kg/m2 is termed grade I obesity, a BMI from
35 to 39.9 kg/m2 is grade II, and a BMI greater than 40 kg/m2 is
grade III [2].ax: þ55-16-3636-1596.
evier OA license.Changes in lifestyle (diet, exercise, and behavioral therapy)
for weight loss have been disappointing, especially in the
excessively obese population, and weight regain is frequent [3].
In contrast, bariatric surgery is currently an option for the
treatment of obesity, resulting in weight loss, control of comor-
bidities [4,5], and a decrease of mortality in general [6,7].
Roux-en-Y gastric bypass (RYGB) is a safe and effective tech-
nique of bariatric surgery, comprising about 70% to 75% of all
bariatric procedures worldwide [8]. This procedure involves
a restrictive mechanism, a gastric pouch, which promotes early
satiety and thus decreases food intake, and a non-absorptive
component generated by the exclusion of the distal stomach,
duodenum, and proximal jejunum [9,10]. However, several
studies have demonstrated altered nutrient levels in patients
after bariatric surgery, with the most frequent deﬁciencies being
iron, vitamin B1, vitamin B12, folic acid, vitamin D, and calcium
[11–13].
Therefore, the goal of the present study was to determine
whether constant daily vitamin supplementation would be
S. P. Donadelli et al. / Nutrition 28 (2012) 391–396392sufﬁcient to prevent possible vitamin deﬁciencies in obese
patients after gastric bypass.
Materials and methods
This was a controlled prospective study in which approximately 25% of 200
patients after bariatric surgery were selected at random for 1-y follow-up with
visits by a multidisciplinary team at 3-mo intervals. Subjects were women and
menwith a BMI of at least 40 kg/m2 or at least 35 kg/m2 [9] who underwent RYGB
and were followed by the bariatric surgical staff at the University Hospital,
Faculty of Medicine, Ribeir~ao Preto, University of S~ao Paulo. Gastric bypass was
performed by an open route. Alimentary and biliopancreatic limb measurements
were 100 cm.
The patients were evaluated preoperatively and at 3, 6, and 12 mo after
surgery. All patients received nutritional instructions as follows: six meals per
day, three portions from the dairy group, two portions from the meat group, and
ﬁve portions of legumes, vegetables, and fruit per day, with restriction of simple
carbohydrates and stimulation of the intake of complex carbohydrates, for a total
of 1200 kcal/d and protein 60 g/d, and guidelines for the practice of physical
activity.
All patients in the postoperative period received the same commercially
available mineral and vitamin supplement. This supplement composition and the
recommended intake are listed in the Appendix. Because the literature routinely
reports the occurrence of mineral and vitamin deﬁciencies, the present protocol
did not consider the possibility of a control group receiving placebo.
The study was approved by the research ethics committee of the University
Hospital, Faculty of Medicine, Ribeir~ao Preto, University of S~ao Paulo and all
subjects gave written informed consent to participate.
Anthropometric evaluation
Weight, height, and BMI were used for anthropometric evaluation. The
patients were weighed on a platform Filizola digital scale (São Paulo, Brazil) with
300-kg capacity and 0.2-kg precision. Height was measured with a vertical rod
with 0.5-cm graduation. BMI was obtained by the formula BMI¼W/H2, whereW
is weight in kilograms and H is height in meters.
Biochemical assays
Serum glycemia and albumin were determined by colorimetry using a Cobas
Integra 700 instrument (Roche Diagnostic Systems Penzberg, Bavaria, Germany).
Total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein
cholesterol, and triacylglycerol were determined by automated colorimetry using
a Hitachi 902 Automatic Analyzer (Hitachinaka, Shi, Japan). Vitamin C, b-caro-
tene, and vitamin A were determined by a manual spectrophotometric method,
and vitamin B12 and folic acid by chemiluminescence using a Siemens Health-
care Diagnostics, Immulite 2000, Immunoassay (New Jersey, Pennsylvania, USA).
Statistical analysis
Data are reported as mean  SD. Variables were compared by multiple-
comparisons analysis of variance followed by the Dunn’s test. The level of
signiﬁcance was set at 5%.
Results
Fifty-eight patients, 46 women (79%) and 12 men (21%), with
mean age of 42  10 y, were studied. During the preoperative
period, 97% of patients had grade III obesity and 3% had grade II
obesity.
Table 1 lists the parameters assessed preoperatively and
during the follow-up period and Table 2 presents the prevalence
of patients who had altered biochemical examination results.
By the third postoperative month, there was a signiﬁcant
weight decrease, with a mean loss of 48  16 kg, corresponding
to 33  9%. BMI was signiﬁcantly decreased, with 17% of the
patients presenting grade III obesity and 23% being overweight
by 12 mo after surgery (Fig. 1).
The metabolic proﬁle of the patients was improved by the
sixth month after surgery, and this improvement continued after
1 y (Table 1). There was a decrease in the percentage of patients
with altered serum glycemia, total cholesterol, low-densitylipoprotein cholesterol, high-density lipoprotein cholesterol,
and triacylglycerol levels (Table 2).
Although mean albumin levels did not differ signiﬁcantly
during follow-up, serum levels were below normal values in 16%
of patients during the preoperative period and in 7% of patients
by 1 y after surgery.
Figure 2 illustrates the serum vitamin levels of the patients
during the 12 mo of follow-up. Serum b-carotene and vitamin C
levels were signiﬁcantly lower starting at the third postoperative
month and remained low after 12 mo, whereas vitamin A was
decreased only at the sixth month, with improved levels at 12
mo. Vitamin B12 levels remained constant up to 6 mo but were
signiﬁcantly decreased by 12 mo compared with preoperative
values. In contrast, folic acid levels increased from the third
month on and remained higher throughout follow-up (Table 1).
One year after surgery, there were 19% and 21.7% increases in
the number of patients with vitamin A and vitamin C deﬁ-
ciencies, respectively, and a 4% decrease of patients with folic
acid deﬁciency. Only one patient with vitamin A deﬁciency and
two patients with vitamin C deﬁciency presented this deﬁciency
during the preoperative period and maintained it after surgery.
Discussion
Nutritional deﬁciencies are common after bariatric surgery
and are related to decreased food intake and to the physiologic
impact of the anatomic changes induced by surgery. Any bari-
atric procedure with a non-absorptive effect regarding micro-
nutrients and macronutrients may lead to an increased risk of
nutritional deﬁciencies during the postoperative period [14].
All types of bariatric surgery lead to an important decrease of
ingested calories, ranging from 700 to 900 kcal/d [15], especially
during the ﬁrst 6 mo after the procedure.
Micronutrient deﬁciency is an important complication asso-
ciated with bariatric surgery, with 50% of cases of vitamin deﬁ-
ciency being observed at the end of the ﬁrst postoperative year
[13], possibly arising from the substantial decrease of food
intake, from food intolerance, and from dysabsorption [16].
In a retrospective study of self-reported food intake conducted
in 69 patients 18mo to 4 y after RYGB, vitamin B12 exceeded 100%
of the recommended allowance, whereas folic acid intake
reached only 61% of the recommended allowance [17].
Gehrer et al. [14] compared the nutritional deﬁciencies
occurring after laparoscopic sleeve gastrectomy and laparoscopic
RYGB and observed that 57% of the 136 patients had some type of
nutritional deﬁciency during the preoperative period, involving
vitamin D in 23%, zinc in 14%, albumin in 6%, and vitamin B12,
folic acid or iron in 3%. After laparoscopic sleeve gastrectomy, the
following deﬁciencies were observed: zinc in 34% of patients,
vitamin D in 32%, folate in 22%, iron in 18%, vitamin B12 in 18%,
and hypoalbuminemia in 4%. After laparoscopic RYGB, the
following deﬁciencies were observed: B12 in 58% of patients,
vitamin D in 52%, zinc in 37%, iron in 28%, folate in 12%, and
hypoalbuminemia in 8%.
In the present study, only 7% of patients had vitamin B12
deﬁciency 1 y after surgery, with no patient presenting a deﬁ-
ciency during the preoperative period, whereas the 5.2% who
had a deﬁciency during the preoperative period achieved normal
levels after surgery. This may have been due to the daily use of
a multivitamin supplement that provided vitamin B12 12 mg/
d and to the routine visits with a nutritionist who stimulated the
adequate intake of foods containing vitamin B12. According to
the literature, oral vitamin B12 supplementation corrects deﬁ-
ciency in 81% of cases [18].
Table 1
Values of anthropometric and biochemical indicators of obese patients undergoing bariatric surgery during the study period
Basal 3 mo 6 mo 12 mo Normal
Weight (kg) 142.6  24.2 119.1  20.2* 107.3  20.4* 94.6  20.2* d
BMI (kg/m2) 52.6  7.3 44.0  6.3 39.6  6.4 34.9  6.3 d
Glycemia (mg/dL) 108.4  32.0 94.0  16.5 85.1  12.3*y 84.3  10.9*y 70–100
TC (mg/dL) 187.1  41.6 157.1  31.9* 159.1  38.0* 163.9  35.0* <200
LDL-C (mg/dL) 118.1  34.9 93.3  27.2* 96.1  32.7* 97.2  29.0* 70–140
HDL-C (mg/dL) 37.3  8.5 38.8  10.2 41.3  12.2 46.4  10.2*yz <130
TG (mg/dL) 167.2  97.3 122.9  43.4* 100.7  37.2*y 93.6  35.2*y <150
Albumin (g/L) 3.9  0.4 4.5  5.1 3.9  0.4 4.0  0.4 3.5–4.8
b–Carotene (mg%) 133.7  57.0 89.1  35.2* 94.5  37.8* 105.6  42.1* 40–99
Vitamin A (mg%) 42.2  21.1 34.55  19.4 27.9  17.2* 31.2  16.1 20–49
Vitamin C (mg%) 0.36  0.05 0.31  0.08* 0.29  0.09* 0.31  0.07* >0.3
Vitamin B12 (pg/mL) 442.1  260.6 449.4  249.2 400.8  247.9 372.5  266.8* 174–878
Folic acid (ng/mL) 7.7  4.1 12.9  6.2* 14.3  6.3* 14.1  6.6* 3–17
BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triacylglycerol
Data are expressed as mean  SD
* P < 0.05 versus basal.
y P < 0.05 versus 3 mo.
z P < 0.05 versus 6 mo.
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vitamin B12 intake, poor digestion of the vitamin with protein
bound to it, insufﬁcient secretion of the intrinsic factor, and
malabsorption of the intrinsic factor/cobalamin complex. Studies
have shown an estimated vitamin B12 deﬁciency of 12% to 70%,
frequently occurring during the ﬁrst year after RYGB. The low
frequency of deﬁciency during the ﬁrst year after surgery may be
explained by body reserves (2000 mg) compared with daily
requirements (2–3 mg/d) [19].
We detected in the literature a higher frequency of B12
deﬁciency, i.e., 16.6% 1 y after laparoscopic RYGB and 33.3% 2 y
after the procedure [20]. Brolin et al. [21] estimated a 12% to 33%
prevalence of vitamin B12 deﬁciency in patients after RYGB [21].
Similarly, other investigators have detected a 33% prevalence of
deﬁciency 1 y after RYGB [22] and 4 y after the procedure [23].
Inaprospective studyof493patientswhounderwentRYGB, the
vitamin B12 deﬁciency observed 1 y after surgery was only 3.6% in
patients on a regimen of intramuscular administration of 1000 mg
every 3mo [23]. Gehrer et al. [14] reported vitamin B12 deﬁciency
in 58% of patients after RYGB and concluded that the oral vitamin
supplement alone, although containing vitamin B12 10 mg/d, did
not prevent deﬁciency, whereas intramuscular vitamin B12
supplementation corrected the deﬁciency in 91% of patients.
A consensus statement assumed that there is no evidence-
based recommendation for vitamin B12 supplementation after
RYGB [24]. Some investigators have found that it is possible to
reach normal plasma levels of this vitamin by oral supplemen-
tation alone, but in much higher daily doses than offered in theTable 2
Prevalence (percentage) of patients with altered serum values compared with
preoperative (basal) reference indices observed during the study period
Abnormal values Basal 3 mo 6 mo 12 mo
Glycemia (mg/dL) >100 44.8 24.6 8.8 7.0
Total cholesterol (mg/dL) >200 37.9 12.1 14.0 13.8
HDL-C (mg/dL) <35 42.1 12.1 15.8 10.3
LDL-C (mg/dL) >130 48.3 37.9 36.8 17.2
Triacylglycerol (mg/dL) >150 50.0 27.6 10.5 6.9
Albumin (g/dL) <3.5 15.5 8.5 8.5 7.0
b-Carotene (mg%) <40 1.7 3.4 5.2 0.0
Vitamin A (mg%) <20 8.6 19.0 36.2 27.6
Vitamin C (mg%) <0.3 8.6 31.0 37.9 29.3
Vitamin B12 (pg/mL) <174 5.2 0.0 6.9 6.9
Folic acid (ng/mL) <3 7.0 0.0 3.4 3.4
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterolpresent study [25]. Although some of our patients developed
vitamin B12 deﬁciency, none presented signs and symptoms of
neuropathy.
Folate can be absorbed throughout the intestine, especially in
the jejunum, and therefore folate deﬁciency is less common,
usually resulting from a low intake [12,26,27]. A very small
amount of folate is stored by the body and a constant supply of
a diet containing foods that are sources of folic acid is necessary
to maintain serum concentrations. The best sources of folate are
viscera, beans, and green leafy vegetables.
In the present study, the prevalence of folic acid deﬁciency
decreased from 7.0% to 3.4%, with none of the patients who had
preoperative deﬁciency having altered levels 1 y after surgery.
Madan et al. [28] assessed serum folate levels in obese
patients before and 12 mo after surgery and detected a preva-
lence of abnormal levels of 6% and 11%, respectively, whereas the
prevalence of deﬁciency increased from 2% to 8%. Mallory and
Macgregor [29] observed folate deﬁciency in only 1% of patients
1 to 10 y after RYGB.
Some investigators have reported that low folate levels reﬂect
non-adherence to multivitamin supplementation because the
amount of supplemented folic acid properly corrects low serum
folate levels [21,29].
Deﬁciency of liposoluble vitamins also may occur after RYGB.
Duodenal bypass results in a delayed mixing of food with
pancreatic enzymes and bile salts, with consequent fat and lip-
osoluble vitamin malabsorption [30]. In the present study, we
observed a 27.6% prevalence of vitamin A deﬁciency 1 y after
surgery despite daily supplementation with 1500 mg of retinol
(5000 IU). Madan et al. [28] detected abnormal vitamin A values
and vitamin A deﬁciency in 11% and 7% of cases, respectively,
before surgery, with both rates worsening after surgery. Brolin
et al. [31] reported that 10% of patients had low plasma levels of
vitamin A 4 y after RYGB, and Clements et al. [26] detected
vitamin A deﬁciency in 11% of patients 1 y after surgery.
Pereira et al. [32] assessed vitamin A and b-carotene levels
preoperatively and 30 and 180 d after surgery in patients who
underwent gastric bypass and detected below-normal vitamin A
levels in 14%, 50.8%, and 52.9% of patients, respectively. They
concluded that this increased prevalence of abnormal post-
operative levels may be associated with lower intake of foods
containing vitamin A and lipids and to malabsorption caused by
the exclusion of the main absorption site despite daily supple-
mentation with 5000 IU of retinol acetate.
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Fig. 1. Patients (percentage) according to body mass index throughout the follow-
up period.
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festations of deﬁciency are rare after gastric bypass and respond
rapidly to vitamin A supplementation. However, case reports
have shown the occurrence of ophthalmologic complications
such as night blindness and corneal xerosis after a biliopancre-
atic diversion [33–35].
We determined ascorbic acid (vitamin C) levels and detected
an increased prevalence of patients with levels below reference
values from the third month after surgery, with the prevalence
reaching 29.3% after 1 y.Vitamin A (mcg%)
preop 3mo 6mo 12mo
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Fig. 2. Serum vitamin levels during the preoperativeVitamin C deﬁciency has been reported in 36% of patients
before bariatric surgery [36] and correlates to high BMI, young
age, lower fruit and vegetable intake, and faulty supplementa-
tion. More recently, vitamin C deﬁciency was detected in 34.5% of
patients after surgery [26], whereas Aasheim et al. [37] reported
increased vitamin C levels after gastric bypass.
The patients have difﬁculty in meeting recommended protein
intake levels because of calorie restriction and in some cases
because of a temporary intolerance of protein-rich foods.
Bavaresco et al. [15] detected protein intakes of 117.8 g/d during
the preoperative period and 46.6 g/d 12 mo after surgery.
We detected low preoperative albumin levels in 15.5% of
patients, with 7.0% presenting hypoalbuminemia 1 y after
surgery. Only 1.7% of the latter had albumin deﬁciency before
surgery. Ritz et al. [38] observed that plasma albumin concen-
trations decreased after gastric bypass but returned to initial
values after 12 mo.
In the present study, although all patients received vitamin
and mineral supplements after gastric bypass, deﬁciencies of
some vitamins were observed, such as vitamin B12, vitamin C,
and vitamin A. These deﬁciencies, which occurred under this oral
supplementation, shows that this speciﬁc amount and form of
administration do not meet the needs of all patients after gastric
bypass. Shankar et al. [39] pointed out that clinicians should be
sure that the nutritional supplement offered will meet all needs.preop 3mo 6mo 12mo
0
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200
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Vitamin B12 (pg/mL)
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(preop) period and during the follow-up period.
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are recommended when clinically appropriate and follow-up
must continue beyond 12 mo postoperatively.
There is no clear consensus on which nutrients should be
supplemented and to what extent. We have attributed deﬁ-
ciencies to the dysapsortive factor rather than the restrictive
component of RYGB, because the duodenum and proximal
jejunum are known to be the main absorption sites for most
vitamins (for B12 vitamin, the gastric exclusion lowers the
intrinsic factor). For most patients in our study, the given
supplement was enough to avoid deﬁciencies. More studies are
needed to determine whether there is a vitamin dosage capable
of preventing deﬁciency in all patients after RYGB.
Conclusion
Although patients received vitamin and mineral supple-
mentation during the postoperative period, they had some
serum vitamin deﬁciencies, with higher prevalences by 3 mo
after surgery. It is clear at this moment that patients after gastric
bypass should receive a vitamin-mineral supplement on a daily
basis. Thus, oral supplementation is necessary but not enough
to avoid nutritional deﬁciencies. The supplement used in our
study is far from ideal. It is therefore mandatory to monitor
these patients by periodic laboratory tests for individualized
prescription of appropriate pharmaceutical forms to prevent and
treat nutritional deﬁciencies.
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intakes
Nutrient Unit Multivitamin* Recommended
intake in
men/womeny
Vitamin A (retinol) mg 1500 900/700
Vitamin D3 (colecalcipherol) mg 10 5
Vitamin E (tocopherol acetate) mg 15 15
Vitamin B1 (thiamine) mg 3 1.2/1.1
Vitamin B2 (riboﬂavin) mg 3.4 1.3/1.1
Vitamin B3 (nicotinamide) mg 20 16/14
Vitamin B5 (pantothenic acid, as
calcium pantothenate)
mg 10 5
Vitamin B6 (pyridoxine
hydrochloride)
mg 10 1.3
Folic acid mg 1000 400
Vitamin B12 (cyanocobalamin) mg 12 2.4
Biotin mg 30 30
Vitamin C (ascorbic acid) mg 100 90/75
Calcium (as calcium carbonate) mg 250 1000
Chromium (as chromium chloride) mg 25 35/25
Cupper (as copper oxide) mg 2000 900
Iron (as ferrous fumarate) mg 60 8/18
Magnesium (as magnesium oxide) mg 25 350/265
Manganese (as manganese sulfate) mg 5 2.3/1.8
Zinc (as zinc oxide) mg 25 11/8
Molybdenum (as sodiummolybdate) mg 25 45
Iodine (as potassium iodide) mg 150 150
* Multivitamin/mineral (Materna, Wyeth Brasil – S~ao Paulo, Brazil).
y Dietary reference intakes (recommended dietary allowance or Adequate
Intake) [40–43].
